The purpose of this systematic review was to determine whether nursedelivered weight management interventions improve weight outcomes across the life span. We conducted a comprehensive search of the PubMed, CINAHL, and PsycINFO electronic databases. We graded the trials using an adapted Jadad approach for methodological quality. The search identified a total of 1,159 citations; 23 articles from 20 studies were eligible for this review. Sixty-five percent of the studies reported significant findings related to body mass index (BMI) or weight reduction. Studies that were particularly successful at helping participants reduce weight and/or BMI involved nurses engaged in health promotion activities, operating within multidisciplinary teams and/or providing consultations, physical activity education, and coaching over the phone. Of the studies that involved long-term follow-up assessments, three out of nine studies showed a significant loss in weight or BMI between the intervention and control groups at follow-up times ranging from 12 months to 2 years.
Keywords nurse-delivered, weight management, weight loss, weight-loss maintenance, randomized controlled trials Living a healthy lifestyle, namely, exercising and increasing the consumption of whole fruits and vegetables, is essential to managing weight and preventing chronic disease (Karfopoulou et al., 2016 ; U.S. Department of Health and Human Services and U.S. Department of Agriculture, 2015) . With obesity doubling in its global prevalence over the last four decades, there is a tremendous threat to a rise in the incidence of heart disease, diabetes, and some cancers (World Health Organization [WHO], 2015) . At least 2.8 million adults die every year as a result of being overweight or obese (WHO, 2015) . Therefore, weight loss, which has been shown to improve heart health and diabetes, is necessary to improve morbidity and mortality (Wilson, DeJoy, Vandenberg, Padilla, & Davis, 2016) . Lifestyle change interventions have been shown to provide a pragmatic, long-term, and cost-effective solution for weight loss (Bogers et al., 2010; Curioni & Lourenço, 2005; Douketis, Macie, Thabane, & Williamson, 2005; Franz et al., 2007) . The health care setting is typically the first place people receive lifestyle counseling after an unfavorable diagnosis. However, due to the rise in obesity and consequently chronic disease coupled with a shortage of primary care physicians, the health care system is experiencing a tremendous burden of care (Association of American Medical Colleges, 2012) . Within their scope of practice, nurses can play a vital role in alleviating this burden by providing targeted health assessments, expanding their role in chronic disease management and providing evidence-based lifestyle education, counseling, and coaching (Berkowitz, 2009; Lazarou & Kouta, 2010) . A systematic review conducted in 2010 examined the effect of primary health care nurse-delivered lifestyle interventions on chronic disease risk factors (between 1976 and 2010) and found that nurses were effective in influencing a positive change in factors such as blood pressure, cholesterol, weight and physical activity (Sargent, Forrest, & Parker, 2012) . To our knowledge, there has not been a recent review that focuses solely on nurse-delivered interventions to improve weight or body mass index (BMI). Hence, the purpose of this systematic review is to determine whether nurse-delivered weight management interventions improve weight outcomes across the life span. Because the adult population became heavier between 2005 and 2006 than in previous years and was its heaviest since the 80s (Ogden, Carroll, McDowell, & Flegal, 2007) , we examined literature reflecting the past 10 years of published research related to nurse-led interventions in weight management research.
In this review, weight management research is defined as research involving weight loss or weight loss maintenance interventions with the desired goal of improving weight. A weight loss intervention is any type of intervention strategy in which the goal is to decrease weight (lbs/kg) or BMI (kg/m 2 ). A weight loss maintenance intervention is any nonintensive strategy in which its purpose is to maintain improved weight outcomes.
We defined nurse-delivered interventions as any intervention (i.e., weight loss counseling, coaching, teaching, etc.) in which nurses, regardless of the type of nurse, have a direct role in delivering the intervention to research participants in which improved weight outcomes are the desired goals. They may operate alone or within a multidisciplinary team.
Method

Search Strategy and Eligibility Criteria
We searched the following electronic databases for relevant articles published in English between 2006 and 2016: MEDLINE via PubMed, CINAHL via EBSCOhost, and PsycINFO via EBSCOhost. We used the keywords and controlled vocabulary terms in the following concept groups (Nurse OR Nurse-Directed OR Nurse-Led OR Nurse-Managed) AND (Weight OR Weight Loss OR Weight Loss Maintenance, OR Weight Regain) AND (Clinical Trials OR Randomized Controlled Trials) to identify candidate studies for review. The final search for each database was conducted on March 28, 2016. The complete search strategy can be found in the online resource for this manuscript. Studies were eligible for inclusion if they were randomized controlled trials that consisted of weight loss or weight loss maintenance interventions delivered by nurses. In addition, the primary outcomes had to be related to weight or BMI. We excluded pilot or feasibility studies (self-described or sample size < 50 without power calculations).
Screening Process
Each retrieved title and abstract were independently screened by at least two authors to determine eligibility (from LPF, ES, and RATO ). Any discordant reviews concerning eligibility were discussed, and if disagreement persisted, a third and sometimes fourth author (JA) resolved the disagreement. If the identification of research staff delivering the intervention was unclear after screening the titles, abstracts, and occasional full-text, emails were sent to corresponding authors to seek clarification on the identity of research staff delivering the intervention to ensure that our eligibility requirement for nurse-delivered (nurses, regardless of the type of nurse, who have a direct role in delivering the intervention to research participants) was met. If there was not a response within 2 weeks or the author replied no to any nurse involvement in the intervention, we deemed the article ineligible.
Data Abstraction and Quality Assessment
Articles identified for full-text review were examined by at least two independent raters (LPF, ES, RATO). We recorded information on each study's authors, year of publication, country, sample characteristics (sample size, mean age, % women, and % minority), and description of the intervention, retention rate, and results. Studies were graded for methodological rigor using a modified Jadad scoring strategy. The Jadad is comprised of four questions including whether the strategy for randomization was described and appropriate, whether the study had a thorough description of withdrawals and dropouts, whether intent-to-treat analysis was used, and whether there was a justification of the sample size. A score of 1 was given if the study met the respective criterion. Therefore, the possible range for the quality score was from 0 to 4, with a score of 4 indicating a stronger likelihood of the trial design to engender unbiased results (Allen & Dennison, 2010) .
Results
Results of the Search
The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline provided the structure for the flow of articles throughout the review process and is shown in Figure 1 (Moher, Liberati, Tetzlaff, Altman, & The PRISMA Group, 2009) . A total of 1,159 records were identified from the three databases searched. A total of 234 duplicate records were removed, and the titles and abstracts of the remaining 925 records were screened for eligibility by at least two independent reviewers. In addition, eight emails were sent to corresponding authors to seek clarification on the identity of research staff. Of the eight emails, two responded no nurse involvement in the intervention and the remaining six did not provide a response. Of the 925 records, 45 records were identified for full-text review. Twenty-two articles were excluded, and 23 articles were included in the systematic review. The 23 articles eligible for inclusion reported results from 20 studies.
Overview of Study Populations
The results abstracted from the studies are summarized in Table 1 . Total sample sizes ranged from 60 to 3,059 participants. Most studies included both men and women. Of the 18 studies that reported sex composition, half of the studies had less than 50% women represented in their sample with the studies ranging from 5.4% to 100%. One study reported having a 100% female sample . Three studies reported results by sex (Drevenhorn, Bengtson, Nilsson, Nyberg, & Kjellgren, 2012; Wright, Giger, Norris, & Suro, 2013) . Ages ranged from 3 years to late 60s representing preschoolers to late adulthood. Of the studies that reported mean ages or age ranges, 30% of the studies included children and adolescents aged 2 to 19 years, and 70% of the studies had participants in their middle to late adulthood years (40-65+ years). Only one study reported results by age category . Most studies (70%) were conducted outside of the United States. Of those non-U.S. studies, half are from Nordic countries and the Netherlands. Twelve studies did not report sample characteristics based on race and ethnicity with two reporting information only on nationality. Of the studies that reported minority (non-White) involvement, 78% reported less than 50% minority involvement. The average percent minority involvement was 38% with a range of 4.1% to 100%. One study had 100% minority participation . No studies reported results by race or ethnicity.
Intervention Settings and Strategies
Most of the interventions took place in outpatient clinical settings (58%). However, there were studies conducted in participants' workplaces Wilson et al., 2016) , homes Goodman et al., 2008; , school settings , licensed child care facilities , and remotely over the phone . Interventions were targeted toward obese patients, employees, school-aged children, child care providers, parents of young children, and patients with hypertension, heart failure, coronary heart disease, type 2 diabetes, and severe mental illness. The majority of the interventions were weight loss interventions with only one study consisting of a multiphase weight loss and weight loss maintenance intervention (Brown, Goetz, & Hamera, 2011) . The majority of the interventions involved any combination of consultations with an element of goal setting, motivational interviewing or coaching, and lifestyle change education. Many interventions were nutrition and/or physical activity education accompanied with support services. Other interventions involved coaching over the phone and oversight of organized physical activity. The length of the interventions ranged from 6 weeks to 2 years. Nine studies had outcome assessments at follow-up times ranging from 6 months to 3 years (Fulkerson et al., effective in reducing BMI and/or weight (64% of nurse intervention only studies; 30% out of total studies).
Of the studies that reported no significant findings, there was no noticeable trend related to the quality of study or study population. The modified Jadad score for these studies with nonsignificant results ranged from 1 to 4 with a median of 3. In addition, these studies with nonsignificant findings were conducted in a variety of countries represented in the review.
Of the three studies that reported results by sex, one study showed a decrease in BMI and weight for both men and women within the intervention (Drevenhorn et al., 2012) . Another study showed that women lost more weight than men within the control group, but men lost more weight than women within the intervention group; however, the results were nonsignificant for the latter. ter Bogt et al., 2011) . In a study involving elementary school children, sex appeared to affect the results as the BMI and BMI z score (weight adjusted for child age and sex) were significantly reduced in the intervention group compared with the control group but only for the girls .
Regarding age, of the studies that primarily focused on children and adolescents, three out of five (60%) studies showed significant findings related to BMI or weight loss. One study showed a significant difference in mean BMI z scores for 3-to 5-year-olds between the intervention and the control group with a marked reduction by 0.14 BMI z scores when adjusting for the state where the intervention was conducted, parent education, and family poverty . Two studies that involved children with mean age of 10 years or age range of 8 to 12 years showed a reduction in BMI by 0.12 ) and 3.65 or 0.7 in BMI z scores albeit the latter only for girls. The interventions in these studies with significant findings tend to have nurses working in multidisciplinary teams, are family or provider centered, and incorporate physical activity and nutrition workshops with coaching or consultations.
More studies involved mostly adult participants. Of these studies, eight of 12 studies (67%) reported significant findings related to BMI or weight reduction. The interventions for the adults typically included a combination of nutrition and physical activity education, supervised physical activity, consultations, goal setting, journaling, and self-monitoring with the use of food diaries. Unlike the studies involving children and adolescents, studies involving adults included the use of telephones as part of the coaching and consulting. Regarding age differences as a specific outcome, one study showed that participants aged 35 to 44 years in a study sample with half of the participants aged 45 years and above experienced a marked reduction in BMI between the intervention and control groups .
Discussion
In summary, this systematic review shows that nurses involved in delivering interventions aimed at reducing BMI or weight are useful at helping participants achieve a healthier weight. Only three studies looked at sex differences in weight or BMI loss. Although we cannot confidently draw conclusions from these studies, men may benefit slightly more than women from these interventions. In a recent systematic review examining sex differences in the effectiveness of weight loss interventions, analysis of effect sizes showed that although the difference in weight loss between men and women were minimal, weight loss interventions slightly favored men (Williams, Wood, Collins, & Callister, 2015) .
The results of this review indicate that researchers need to make a concerted effort in recruiting minority participants into their research, especially because minorities are disproportionately overweight and obese. Culturally sensitive interventions for obesity prevention have been shown to have higher participant engagement among African Americans than nonculturally sensitive interventions (Whitt-Glover & Kumanyika, 2010) . In this review, only one study had a culturally sensitive-designed intervention in which the aim was to reach underserved minorities Our review also shows that nurses are working within multidisciplinary teams to be effective in achieving positive weight outcomes (78% of multidisciplinary studies; 35% out of total studies). Despite the plethora of research that shows that a multidisciplinary approach is most effective in addressing obesity, many do not highlight the significant role nurses can play in achieving desirable weight outcomes and helping to relieve the burden of care in primary care settings brought upon by the high rate of obesity (Bernstein, Manning, & Julian, 2016; Frank, 1998) . There is a great need to explore costeffective models that would augment the role of nurses in providing care to obese and overweight patients.
Finally, this review demonstrates the need for nurse researchers to augment their research efforts in addressing obesity among children and adolescents. Only a quarter of the studies published had children and adolescents as research participants. Given the rise in obesity among this population, with 17% characterized as obese (Ogden et al., 2016) , nurses should play an instrumental role in helping to prevent and manage obesity in this population at risk.
There were several limitations to this systematic review. Because studies published only in English were included, we may have missed studies, thus leaving this review vulnerable to potential selection bias. In addition, because nurses often work in multidisciplinary teams, it is difficult to isolate the true effect of nurses on obesity prevention and management. Conversely, some of the studies that reported insignificant results might be due to the intervention and not the nature of the intervention being nurse-delivered.
In conclusion, we see that nurse-delivered interventions can achieve positive weight outcomes. More rigorous research incorporating various intervention strategies using a multilevel and multimethod approach needs to be done to test variable models in weight management research with nurses operating within their scope of practice. Specifically, there is a need for more research using rigorous research designs, such as factorial designs, to directly compare multidisciplinary teams with nurse-and nonnurse-delivered interventions in weight management research. Strengthening the rigor of the research will enable us to isolate the effect nurses can have on weight management. In addition, nurse researchers need to be intentional about engaging minorities and children and adolescents in their program of research. Improving the research and scholarship in these ways in the area of weight management research would provide a strong evidence base to inform health care policy makers on expanding the role of nurses in obesity prevention and management.
